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NASA TT F-9791 

SYNTHESIS OF ADENYLYL-(5' * N)-AMINO ACIDS (PEPTIDES) 
BY MEANS OF' THE CARBODIIMIDE METHOD 

T .S . Ryabova  , 2 .A .Shabarova , and M. A .  Prokof tyev* 

Carbodiimide ac t iva t ion  of phosphorus ac id  residue has been 

used t o  synthesize adenylyl-( 5' - N)-amino ac ids  (peptides) 

The method developed makes it possible t o  obtain nucleotide 

der ivat ives  of e s t e r s  of amino acids  and peptides both f o r  

cy- and 6-amine groups. 

of the  ester bond i n  t h e  es te rs  of nucleotidyl-(5* - N)- 
Conditions of a lka l ine  hydrolysis 

amino acids  are described which provide f o r  a good yield 

of nucleotidylamino ac ids  with a free carboxyl group. W 

and I R  spectra,  electrophoretic m b i l i t y ,  and Rf values i n  

various systems are given for t he  nucleotidyl-(5T -, N)-  

amino ac ids  (peptides) synthesized. 

To def ine the  role of the nucleotidopeptides, containing a phosphoamide 

bond (Bibl. l) ,  it is of interest t o  study t h e  mechanism of conversion i n  modelq 

of such compounds. 

t i d e s  and t h e  peptide (amino acid)  fragments is an important problem i n  the  

synthesis  of such model s t ruc tures .  

t h e  use of N,Nf-dicyclohe~lcarbdiimide (DCC) f o r  t h i s  purpose on t h e  example I 

of t h e  synthesis  of adenylyl-( 5' + N)-phenylalanine e s t e r  (Bibl.1). 

The formation of a phosphoamide bond between the  mononucleo- 

In an e a r l i e r  paper (Bibl.2) we described 

I n  t h i s  paper, we will describe the  appl icat ion of  t h i s  reagent t o  t h e  ' 

I * Laboratory of Nucleic Acid Chemistry, Faculty of Chemistry, Moscow S t a t e  
TT...<-----2&-- 2 -  I r  T l  T-.---- ---. -------- 1 n L  I 
U I I I V G I  J I b y  u 1 1 .  1.1. V.LUIIIUIIU5UV y I eLc;vcd Apri l  7 ,  L7W4. 

* Numbers i n  t h e  marein ind ica te  ranination i n  t h e  o r i n h a 1  f o r e i m  text. 
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' synthesis  of various amino acid and peptide der iva t ives  of adenylic acid,  in- 

,eluding i t s  lys ine  der ivat ive,  in which t h e  a-amine group is blocked by t h e  1 

carbobenzoq group, while t h e  e-amine group par t ic ipa tes  i n  t h e  formation of 

the phosphoamide bond. 

1. Method 

Systems used i n  the  chromatographic study included: 1) isopropanol, 

N H 3 - H d  (7:1:2); 2) i s o a w l  alcohol  5% Na,HP04 ; 3) butanol, water, C b C O O H  

(4:5:1) (supernatant layer ) .  

grams. 

ace ta t e  buf fer  (pH 4.6) f o r  5 hrs (6 v/cm). 

The Rf values given relate t o  ascending chromato. 

The paper electrophoresis was made i n  a borate buffer  (pH 8.5) and an 

Leningrad paper ttBn was used f o r  both chromatography and electrophoresis.  
I 

' (The substances were detected on t h e  chromatograms and electrophoregrams, f r o m  

Ithe absorption of u l t r av io l e t  rays. 
- 

Compounds with a f r e e  amino group were 
1 

' developed by ninhydrin. I n  determinations of t he  adenosine-phosphorus-amino 

e acid r a t i o  t h e  quantity of base was calculated from the  spectrophotometric 
I 

I 
data ,  using t h e  coeff ic ients  proposed by Sp i r in  and Belozerskiy (Bibl.3). 

Total  phosphorus was determined by the Barenbloom-Chine method i n  t h e  Weil- 

Malherbe and Green modification (Bibl.4). 

were determined (Bibl.5) i n  acid hydrolysates (0.U HC1, 1 hr, 1 0 0 ° C )  a f t e r  

chromatography i n  system 3 [we showed previously (~ib1.6)  that ,  under these 

conditions,  complete hydrolysis o f  the phosphoamide bond i n  t h e  compound I 

takes  place] 

ate was evaporated i n  vacuo and left standing f o r  2 hrs  a t  room temperature 

with g l a c i a l  a c e t i c  acid saturated with HBr ( t o  remove the  carbobenzoq group); 

t h e  lysine so formed was quant i ta t ively determined a f t e r  electrophoresis 

The amino acids  (Table 1; I, 11, V I ) !  

I 

To determine amino acids i n  t h e  compound 111, t h e  ac id  hydrolys- 

2 
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1(6 v/cm, 3 hrs ,  pH 4.6). 

and V, hydrolysis was performed with 6N H C 1  (lO@C, 2 hrs) .  

In  determining t h e  amino ac ids  i n  t h e  compounds I V  
1 

The methyl e s t e r s  of leucine,  alanylvaline,  and phenylalanylglycine and t h  

benzyl e s t e r  of m-carbobenzoxylysine were separated from the  corresponding 

,salts by t r e a t i n g  with chloroform saturated with amnaonia; t h e  prec ip i ta tes  were 

f i l t e r e d  of f  and t h e  f i l t ra tes  were carefully evaporated a t  room temperature t o  

th i ck  o i l s .  Treatment of these esters of t he  amino ac ids  with an aqueous solu- 

t i o n  of alkali, followed by extract ion with ether ,  as was done with t h e  methyl 

e s t e r  of phenylalanine, did not give the desired results. 

I 

I Methyl ester of adenylyl-(5? -. N)-leucine(II)*. To 250 mg (0.7 mmol) of 

AMP was added a solut ion of f r e sh ly  prepared methyl e s t e r  of leucine (3.5 mmol; 

p.5 gm) i n  1 5  m l  of dimethylformami.de, The react ion mixture was shaken until L 
dissolved;  0.21 m l  (1.4 mmol) absolute tr iethylamine and 280 mg (1.4. m o l )  DNA 

yere added, and the  mixture was allowed t o  stand f o r  3 days i n  t h e  thermostat 

a t  3yC; t h e  precipi ta ted dicyclohexylurea was f i l t e r e d  off,  and t h e  f i l t ra te  

was precipi ta ted with absolute e the r  i n  a centrifuge tube. 

I 

The o i l  was tri- 
I 

tu ra ted  severa l  times with absolute ether;  t h e  prec ip i ta te  was  decanted, dis-  

solved i n  50% methanol, and applied i n  s t reaks  on fou r  sheets  of chromatograph 

paper. After chromatography, t he  upper 

UV-absorbing zone of t h e  chromatogram was eluted with methanol, the  eluate was ~ 

evaporated t o  dryness i n  vacuo a t  room temperature, t h e  residue was t r i t u r a t e d  

The chromatography was run i n  system 1. 
I 

1 

I 

2 k i t h  absolute  e ther ,  t h e  e the r  was removed i n  vacuo, and t h e  substance was 

d r i ed  over P2G i n  a vacuum desiccator. Yield of compound 11: 90 mg. 

Found (m $1 : C 41-77; H 6-71; N 14-91;  C17H27Q,N6P*NH3,  
Calculated (m %I: C 41.55; H 6.11; N 19.96. 

* The synthesis  of t h e  methyl ester o f  adenylyl-(5? -, N)-phenylalanine ( I )  has 
been previously described by us (Bibl.2) 

4. 

? 

137 



e a  
Benzyl ester of adenylyl-(5f N 1-N -carbobenzoxylysine (1111. To 35 mg I 

I 

(0.1 mol )  AMP was added a solution of f r e sh ly  prepared benzyl e s t e r  of a-carbo 

benzoqlysine (Bibl.7) (185 mg; 0.5 mol) i n  3 ml dimethylfommide. The reac- 

t i o n  mihure  was shaken u n t i l  dissolved, after which 0.03 ml (0.2 m o l )  of abso 

l u t e  tr iethylamine and 40 mg DNA (0.2 mol) were added. 

as described above. 

Further treatment was 

Yield of compound 111: 6 mg. 

Methyl e s t e r  of adenylyl-(5f -. N)-alanylvaline ( I V l .  To 250 mg (0.7 m o l )  

AW was added a solut ion of f r e sh ly  prepared methyl ester of a lanylval ine 

(707 mg; 3.5 m o l )  i n  15 m l  dimethylformamide. 

u n t i l  dissolved, and 0.21 m l  absolute triethylamine (1.4 mmol) and 280 mg 

(1.4 mol) DNA were added. 

compound I V :  20 mg. 

The react ion mixture was shaken 

Further treatment was as described above. Yield of 
I 

I Methyl ester of adenylyl-(5f -. N)-phenylalanylglycine (V). To 70 mg 

(0.2 m o l )  AMP was added a solut ion (235 mg; 1-1) of f r e s h l y  prepared methyl 

e s t e r  of phenylalanylglycine i n  5 m l  dhethylformamide. The react ion mixture 

was shaken until dissolved, and 0.06 m l  (0.4 mol) absolute  tr iethylamine and 

80 mg (0.4 mmol) DNA were added. The mixture was allowed t o  stand f o r  3 days 

at  room temperature. Further treatment was as described above. Yield of com- 

Pound V: 5 
, 

Adenylyl-(5* -, N)-phenylalanine ( V I ) .  To 10 mg of compound I was added 

0.5 m l  of lN NaOH. The mixture was shaken until dissolved and allowed t o  stand 

f o r  2 h r s  i n  t h e  thermostat a t  3FC. To the  react ion rnifiure we added 100 mg 

of t h e  ca t ion ic  ion-exchange r e s i n  KU-2 (H+) and s t i r r e d  f o r  5 m i n  a t  room tern-, 

perature .  

water. 

res idue was t r i t u r a t e d  with absolute e ther ,  t h e  e ther  was removed i n  vacuo, and 

1 

The resin was f i l t e r e d  off and washed twice with small amounts of 

The f i l t r a t e  ( p H  6) was evaporated t o  dryness a t  room temperature, the  

5 



t h e  substance was dried i n  a vacuum desiccator over P205 and paraff in  o i l .  

Yield of compound V I :  6 mg. I 

2. Results and Discussion 

To form a phosphoamide bond between adenylic acid and an amino acid o r  a 

peptide, we used the  widely known method of ac t iva t ing  t h e  phosphoric ac id  

residue i n  i ts  mnoes ters  by means of carbodiimides (Bibl.8). The adduct A 

1 . 

A - O - ~ N H  HCOOR 'i 
bH R' 

A - residue of adenosine 

formed as a result of t h e  react ion of adenylic acid with DNA is, i n  t h e  proton 

form, a compound with t h e  highest probabili ty of conversion i n t o  t h e  meta- 

phosphate of t he  nucleotide (B), which then phosphorylates t h e  ester of the  

'amino ac id  (peptide), forming the  es te r  of adenylyl-(5* -. N)-amino acid (pept- 

ide) .  This reaction, however, i s  accompanied by s ide  react ions,  including the  

in t e rac t ion  of B with t h e  o r ig ina l  nucleotide a t  t h e  phosphoric ac id  residue, 

t o  form t h e  symmetrical diadenosine pyrophosphate (VII), and a l s o  a t  t h e  hy- 

/238 

droxyl group of t he  sugar, t o  form t h e  dinucleotide.  

To minimize these s ide  reactions, t he  react ion between AMP and t h e  amino 

ac ids  (peptides) was mde  under t h e  following conditions: 1) A five-fold excess 

6 



'of e s t e r  and a two-fold excess of carbodiimide was used, minimizing the  forma- 

t i o n  of compound V I I ;  2) tr iethylamine was added t o  t h e  react ion mixture ,  whick 

improved t h e  so lub i l i t y  of AMP in dimethylformamide and suppressed t h e  f o m t i o  

of dinucleotide (Bibl.8). 

However, it w a s  impossible to eliminate a l l  s ide  reactions that might take 

,place i n  t h i s  reaction. 

ac id  (peptide) der ivat ive of diadenosine pyrophosphate* ( V I I I )  whose formation 

Thus, we obtained considerable quant i t ies  of t h e  amino 

hay be represented as a r e s u l t  of t h e  in te rac t ion  of the  ester of adenylyl- 

(5' - N)-amino ac id  (peptide) with B. In some cases a considerable amount of 

0 0  
A-0-P-O-Pa-A t t 

AH AHR1 

(VIII) I R1 - residue of amino 
ac id  (peptide) 

1 

t h i s  compound accumulates i n  the  reaction medium. 

~(5' -. N)-amino ac ids  i s  50 - 60% (Table 1). 

&re formed i n  a considerably lower yield. 

The y ie ld  of adenylyl- 

The dipeptide der ivat ives  of AMP 

The adenylyl-(5' -, N)-amino acids with a free carboqyl group may be obtained 

by t r e a t i n g  t h e  corresponding esters with a l k a l i .  

(5' -, N)-phenylalanine ( V I )  w a s  prepared. 

propert ies  of t h e  resu l tan t  compounds. 

hygroscopic and unstable on storage. 

maximum a t  258 - 260 rnv which is charac te r i s t ic  of adenine, and give a posi t ive 

I n  t h i s  way, adenylyl- 

Table 1 gives a f e w  constants and 

The adenylyl-amino acids  (peptides) are 

A l l  of them have t h e  d i s t i n c t  absorption 

reac t ion  f o r  t he  cis-glycol grouping and f o r  phosphorus. 

I n  an a lka l ine  buf fer  (pH 8.5) ,  t h e  compounds I - V, having only one d is -  

so  c iab ie  hyrimq-1 gxup, show a considerably lower electrophoret ic  mobility 

* C f .  elsewhere (Bibl.2) f o r  the  s t ructure  of t h e  phenylalanine der ivat ive.  

7 



I khan AMP which la t ter ,  a t  the  same pH value has two hydroxyl groups i n  the  d i s  

sociated state. 

%he m b i l i t y  of AMP. In  an acid buffer (pH 4.6), t h e  mobil i ty  of the  compounds 

I - V approaches t h a t  of AMP which was found t o  have only one hydroxyl group i n  

The mobility of t h e  compound V I  under these  conditions equals 

< )  t h e  dissociated state. 
‘ 1  

’ !  , 
1 ’  

I 

I 

I 

, 

b 

TABLE 2 

INFMRED SPECTRA OF COMPOUNDS I - I V  AND VI 
VIBRATION FREQUENCY (v) ,  cm-l 

I 
~ 

1736 

1648 
1603 
1576 

a 5 2  

=I-!+ 

1086 
1080 
1072 
822 
802 

ComDound 

I1 

1734-1732 

1647-164.4 
1606-1604 

1576 

l476-l472 
l422-l420 

1215 
1202 

1109 
1082 
1068 

800 
824-822 

I11 

1739-1929 
17ll+-1712 
1702-1695 

1646 
16 18 
1574 

a 7 4  
14.56 

1166-1168 
1212-1207 

1089- 1086 
12 58 

1040 
1128 
825 
800 

I V  

1664-1669 
16 23 - 16 28 
1572-1578 

lwcs 
a54 
1243 

1086-1088 
1058-1060 

8 50 
834 

VI 

1634-16l+l+ 
1576-1600 

&16-L!+.20 
Q72-14.74 
1198-1206 

1060-1069 

800 

Assignment of Fre- 
quency t o  Form of 

Bond 

Yay be assigned t o  vi- 
brat ions of  esker 

carbonyl C = 0 
Assigned t o  vibrat ions 
of  C = C a n d C = N  
bonds of t h e  adenine 
r ing  

Assigned t o  vibrat ions 
of C-0 bond of ribose 

May be assigned t o  vi- 
brations of P-0 bond 

Assigned t o  vibrat ions 
of P-O-C bond 

Assigned t o  vibrat ions 
of grouping 

Table 2 gives the  spec t r a l  charac te r i s t ics  of t he  compounds I - I V  and VI 

i n  t h e  infrared region. 

that a l l  of t he  above compounds snow a sornewki&t SLTL~P ~ict1x-e as arlenylic 

ac id .  

A study of the infrared absorption spectra indicated 

The difference l i e s  i n  t h e  fac t  that t h e  appearance of absorption bands 

8 



$n t h e  frequency i n t e r v a l  800 - 850 cm-' is  a t t r i bu tab le  t o  vibrat ions of t he  

grouping 

i 

' 

' '  

I 

' 

For t h e  compounds I - I11 we found t h e  cha rac t e r i s t i c  frequency of t h e  valence 

,vibrations of t he  e s t e r  carbonyl C = 0; in the  compound V I ,  as was t o  be ex- 

pected, t h i s  frequency was absent. Thus, these spectra are not inconsis tent  

with the  s t ruc tures  assigned t o  t h e  compounds I - I V  and VI. 

0 

I '  

- 1  ~ 

One of t h e  method 
1 -  

l 

e -  

l 

Compound 

I 

11 

I11 

IV 

v 

VI 

TABU3 3 

A C I D  HYDROLYSIS OF COMPOUNDS I - VI 

Hydrolysis FYoduct s 

AMP, adenosine, adenine, phenylalanine, methyl 
e s t e r  of phenylalanine 

AMP, adenosine, adenine, leucine and i ts  
methyl e s t e r  

AMP, adenosine, adenine, benzyl ester of 
a-carbobenzoxylysine , a-carbobenzoxylysine , 
benzyl e s t e r  of lys ine ,  lysine 

AMP, adenosine, adenine, methyl ester of 
alanylvaline,  alanylvaline,  methyl ester of 
val ine,  valine, a lanine 

AbP,  adenosine, adenine, phenylalanylglycine, 
phenylalanine, glycine 

AMP, adenosine, adenine, phenylalanine 

I 

used t o  demonstrate the  s t ruc ture  of the compounds I - VI, was t h a t  of hydroly- 

sis under ac id  and a lka l ine  conditions. The cleavage products found i n  the  

ac id  hydrolysates of these compounds (3N HC1, 10 min,  100°C) after chromato- 

graphy i n  system 3,  are given i n  Table 3. 

9 



I 

I I  In t h e  a lka l ine  hydrolysates o f  the compounds I - V I  (1N NaOH, 10 min, /2 
1 ,  

1 0 0 ° C )  we found no substances with a f r e e  amino group. 

bond i n  these compounds is unstable i n  an acid medium and s t ab le  i n  an a lka l ine  

medium. 

s t a b i l i t y  of the  phosphoamide bond i n  nucleotidopeptides.] 

Thus, t h e  phosphoamide 

~ 

[See a l so  elsewhere (Bibl.1, 5) f o r  t h e  acid l a b i l i t y  and a lka l ine  

' 
' \  

In  ac id  hydrolysis of adenylyl-(5? -. N)-peptides, besides rupture of the  

I '  phosphoamide bond we a l so  observed a partial rupture of t h e  peptide bond. 
' +  

- ' 3 .  Conclusions 

Carbodiimide ac t iva t ion  of t h e  phosphoric acid residue of a nucleotide was 

u t i l i z e d  t o  synthesize adenylyl-(5? -, N)-amino acids  (peptides).  

can be used i n  preparing nucleotide der ivat ive e s t e r s  of  amino ac ids  and pept- 

This method 

I ides  a t  e i t h e r  t h e  CY- o r  the  S-amino group. 
I 

We described t h e  conditions o f  a lkal ine hydrolysis of t h e  e s t e r  bond in , 

esters of nucleotidyl-(5t -, N)-a.mino acids permitting t h e  preparation, a t  satis- 

f ac to ry  y ie ld ,  of nucleotidylamino acids with a free carboqyl group. 

CI 
I 

. >  
The W and I R  spectra,  electrophoretic mobil i t ies ,  and Rf values i n  va r iow 

systems are given f o r  t h e  nucleotidy1-(5' -. Nl-amino acids  synthesized i n  t h i s  ' 
manner. 
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